SLWK Docket: 01014.002usl 
What is claimed is: 



A laser comprising: 
glass substrate doped with a laser species; 
^waveguide defined within the substrate; and 
a cnode pump laser with an extended waveguide laser resonator cavity, the 
extended mode laser cavity being positioned adjacent the substrate waveguide so 
that pump light from the diode laser is absorbed along a length thereof. 

2. The laser of Maim 1 wherein the substrate is doped with Yb and Er. 

3. The laser of claimM wherein the substrate is doped with Er. 

4. The laser of claim 1 wnerein the substrate waveguide forms a laser resonator 
cavity within the substrate. 

5. The laser of claim 4 further comprising a reflection grating formed on the 
substrate surface along the substrate waveguide for providing feedback to the laser 
resonator cavity. 



6. The laser of claim 5 further comprising\ 

a cladding deposited on the reflection grating of the substrate waveguide, the 
cladding being composed of an electro-optic poly^ner with a variable index of 
refraction; and 

electrodes for applying an electrical potential across the grating cladding to 
vary the index of refraction in accordance therewith ane^ thereby vary the 
wavelength of light reflected by the grating. 
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7\ The laser of claim 5 further comprising electrodes and a resistive element for 
heating and thermally expanding the reflection grating of the substrate waveguide to 
alter the^wavelength reflected by the grating. 

P^> 8. The laser of claim 5 further comprising electrodes for applying an electrical 

potential to a piezo-electric coating applied to the reflection grating to thereby vary 
the wavelength of light reflected by the grating. 

9. The laser of claim 5 wherein the reflection grating is composed of an electro- 
optic polymer and further comprising electrodes for applying an electrical potential 
across the grating to vary^he index of refraction in accordance therewith and 
thereby vary the wavelength of light reflected by the grating. 

10. The laser of claim 5 furtherV>mprising: 
one or more additional reflection gratings formed on the substrate waveguide, 

each grating having a cladding compo&ed of an electro-optic polymer with a variable 
index of refraction deposited thereon; anc 

electrodes for selectively applying an electrical potential across each grating 
cladding to vary the index of refraction in accordance therewith and render the 
grating transparent or reflective at a wavelengthN^orresponding to a longitudinal 
mode of the substrate waveguide laser cavity. 

1 1 . The laser of claim 4 further comprising a mirror coupled to a location along the 
substrate waveguide for providing feedback to the laser resonator cavity. 

12. The laser of claim 1 wherein the extended waveguide caVity of the pump diode 
laser is a dielectric waveguide abutted at one end to an antireflection-coated gain 
section of the diode laser and at another end to a highly reflectiveXmirror. 
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13. TheMaser of claim 1 wherein the extended waveguide cavity of the pump diode 
laser is a dielectric waveguide abutted at one end to an antireflection coated gain 
section of thXdiode laser and at another end to a reflection grating. 

14. The laser of eJaim 1 wherein the extended waveguide cavity of the pump diode 
laser has a lower index of refraction than the substrate waveguide and forms part of 
a cladding thereof. 
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15. The laser of claim 1 wherein the extended waveguide cavity is abutted to the 
surface of the substrate waveguide and separated therefrom by a layer of cladding 
with apertures for transmitting $ump light into the substrate waveguide. 

16. The laser of claim 1 wherein tWe separation between the extended waveguide 
cavity and the substrate waveguide is\such that pump light is transmitted by 
evanescent coupling. 

17. A method for operating a waveguide laser comprising transmitting pump light 
from an extended waveguide laser cavity of a diode laser into a substrate waveguide 
laser cavity along a length of the substrate cavrW, wherein the extended diode laser 
cavity forms part of a lower refractive index clacking of the substrate waveguide 
laser cavity. 



18. The method of claim 17 wherein the substrate waVeguide laser cavity is 
composed of glass doped with Er and Yb, with the diodeMaser and extended cavity 
thereof being tuned to provide pump light at a wavelength^appropriate to cause 
lasing in the substrate waveguide cavity. 



19. The method of claim 17 wherein pump light from the extended laser cavity of 
the diode laser is transmitted into the substrate waveguide laser c\ivitv via 
evanescent coupling. 
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20. The method of claim 17 wherein pump light from the extended laser cavity of 
the dioob laser is transmitted into the substrate waveguide laser cavity through 
apertures u\ a layer of cladding material interposed therebetween. 

^ \ 21. The method of claim 1 7 wherein the substrate waveguide cavity has a reflection 
^ grating at one end for providing optical feedback to the cavity and further wherein 

an electro-optic polymer having a variable index of refraction is deposited on the 
grating to form a cladding therefor, the method further comprising tuning the laser 
by applying an electrical potential to the grating cladding to select a wavelength 
reflected by the grating tn$t corresponds to a longitudinal mode of the substrate 
waveguide cavity. 

22. The method of claim 17 wherein the substrate waveguide cavity has a plurality 
of spaced apart reflection gratingk at one end for providing optical feedback to the 
cavity and further wherein an electrVoptic polymer having a variable index of 
refraction is formed on the gratings toVmstitute claddings therefor, the method 
further comprising tuning the laser by selectively applying an electrical potential to 
the grating claddings to render one gratingVeflective at a wavelength that 
corresponds to a longitudinal mode of the substrate waveguide cavity. 

23. A laser component comprising a glass substrate doped with a laser species and 
having one or more waveguides defined by channels within the substrate, the one or 
more waveguides forming one or more laser-resonator cavities with distinct 
resonance characteristics to provide lasing action at a selected wavelength when 
pumped wherein the substrate is an alkali phosphate glas\ doped with Er and Yb and 
wherein the channels are formed at a surface of the substrate as regions of increased 
refractive index, the laser component further comprising: 

one or more feedback elements for providing optical feedback to the 
waveguides to form the one or more laser-resonator cavities, wherein injection of 
pump light at one or more suitable wavelengths into the laser-resonator cavity 
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cVuses output of laser light at a wavelength in accordance with a longitudinal cavity 
mode of the cavity, 

wherein the laser-resonator cavities have a plurality of widths on the substrate 
surfacV to thereby define a plurality of effective indices of refraction for the cavities, 
the wavtelength of a longitudinal cavity mode being dependent thereon and 
V 1 wherein the laser-resonator cavities have a plurality of widths on the substrate 

1 surface adjacent a diffraction Bragg reflector (DBR) to thereby define a plurality of 



different wavelengths defined at spaced-apart wavelength intervals to match 
standard wavelength spacings. 



24. The laser component of claim 23 wherein the laser-resonator cavities are 
fabricated in a plurality of groups, wherein the cavities in each group have a 
plurality of widths onXthe substrate surface adjacent a DBR to thereby define a 
plurality of different wavelengths defined at spaced-apart wavelength intervals, such 
that one cavity per grouAmatches a standard wavelength associated with that group. 

25. The laser component oKclaim 23 wherein the feedback element comprises a 
reflection grating formed on the substrate surface along the length of the waveguide 
and wherein a reflection grating\pf a single pitch is formed on the surface of the 
substrate at differing angles to a plurality of waveguides to form laser-resonator 
cavities of differing lasing wavelengths. 

26. An optical substrate for fabricatiofi of optical devices therein comprising a 
block of glass having distinct regions dof>ed with varying concentrations of one or 
more laser species, wherein the substrate iV constructed by fusing together a 
plurality glass blocks having differing concentrations of the same or different 
dopants wherein at least one region is undopeck the substrate further comprising a 
optic amplifier and a waveguide for conveying pump light to the amplifier 
fabricated therein, wherein at least a portion of the\waveguide is located in an 
undoped region of the substrate. 
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21 An optical substrate for fabrication of optical devices therein comprising a 
block of glass having distinct regions doped with varying concentrations of one or 
more laser species, wherein the substrate is constructed by fusing together a 
plurality glass blocks having differing concentrations of the same or different 
dopants wherein at least one region is undoped, the substrate further comprising a 
laser resonatorand a first waveguide for conveying pump light to the resonator 
fabricated thereinVnerein at least a portion of the first waveguide is formed in an 
undoped region of the substrate. 



28. An optical substrate for fabrication of optical devices therein comprising a 
block of glass having distinct regions doped with varying concentrations of one or 
more laser species, wherein thksubstrate is constructed by fusing together a 
plurality glass blocks having differing concentrations of the same or different 
dopants, further comprising a laserVesonator and a laser amplifier fabricated therein, 
wherein the resonator and amplifier are formed in regions of the substrate with 
different dopant concentrations. 

29. An optical substrate for fabrication ofoptical devices therein comprising a 
block of glass having distinct regions dopedNvith varying concentrations of one or 
more laser species, wherein the substrate is constructed by fusing together a 
plurality glass blocks having differing concentrations of the same or different 
dopants, the substrate further comprising a pluralitV of laser resonators fabricated 
therein, wherein the resonators are formed in regionsVf the substrate doped with 
different laser species so that lasing occurs within the resonators at different 
wavelengths. 



30. A laser comprising: 

a glass substrate doped with a laser species; 
a waveguide within the substrate forming a laser resonator fcavity; 
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a reflection grating in the substrate waveguide for providing feedback to the 
resonator cavity; 

eans for tuning the laser by altering the wavelength reflected by the grating; 

and 

^ meansNfor pumping the laser by exciting the laser species of the substrate 

waveguide w\erein the laser tuning means comprises: 

a cladding deposited on the reflection grating of the substrate waveguide, 
the cladding being^composed of an electro-optic polymer with a variable index of 
refraction; and 

electrodes for applying an electrical potential across the grating cladding to 
vary the index of refractio\in accordance therewith and thereby vary the 
wavelength of light reflected t^y the grating. 

31. A laser comprising: 

a glass substrate doped with a laW species; 
a waveguide within the substrate forming a laser resonator cavity; 
a reflection grating in the substrate waveguide for providing feedback to the 
resonator cavity; 

means for tuning the laser by altering the\avelength reflected by the grating; 

and 

means for pumping the laser by exciting the la^ser species of the substrate 
waveguide wherein the laser tuning means comprises 

one or more additional reflection gratings forrned on the substrate 
waveguide, each grating having a cladding composed of an electro-optic polymer 
with a variable index of refraction deposited thereon; and 

electrodes for selectively applying an electrical potential across each grating 
cladding to vary the index of refraction in accordance therewithVnd render the 
grating transparent or reflective at a wavelength corresponding to^ longitudinal 
mode of the substrate waveguide laser cavity. 
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32. A laser comprising; 

a glass substrate doped with a laser species; 

waveguide within the substrate forming a laser resonator cavity; 
a reflection grating in the substrate waveguide for providing feedback to the 
resonator cavity; 

means lor tuning the laser by altering the wavelength reflected by the grating; 

and 

means for purging the laser by exciting the laser species of the substrate 
waveguide wherein the laser tuning means comprises; 

electrodes and Vresistive element for heating and thermally expanding the 
reflection grating of the substrate waveguide to alter the wavelength reflected by the 
grating. 



33. A laser comprising: 

a glass substrate doped with a lWr species; 

a waveguide within the substrate torming a laser resonator cavity; 

a reflection grating in the substrate ^aveguide for providing feedback to the 
resonator cavity; 

means for tuning the laser by altering m\ wavelength reflected by the grating; 

and 

means for pumping the laser by exciting the\laser species of the substrate 
waveguide wherein the laser tuning means comprises: 

electrodes for applying an electrical potential to a piezo-electric layer 
applied to the reflection grating to thereby vary the waV^length of light reflected by 
the grating. 



34. A laser comprising: 

a glass substrate doped with a laser species; 
a waveguide laser resonator cavity formed within the substrate; 
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a ckdding composed of an electro-optic polymer with an electrically variable 
index of refraction deposited on the waveguide; 
^j^P electrodes for applying an electrical potential across the cladding to vary the 

J ^pNV % index of refraction in accordance therewith and thereby vary the effective refractive 
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p/y index of the wavWuide cavity; and 



a pump laser for injecting pump light into the substrate waveguide cavity. 

35. A method for operating a waveguide laser comprising injecting pump light into 
a waveguide laser resonator cavity wherein the laser cavity has a reflection grating 
at one end for providing optical feedback to the cavity and further wherein the 
grating is responsive to application of an external voltage by changing the 
wavelength of light reflected byahe grating in accordance the applied voltage, the 
method further comprising tunimMie laser by applying an electrical potential to the 
grating to select a wavelength reflected by the grating that corresponds to a 
longitudinal mode of the substrate waveguide cavity. 

36. The method of claim 35 wherein the grating is coated with a cladding 
composed of an electro-optic polymer having a variable index of refraction such that 
application of a voltage to the cladding changes the wavelength of light reflected by 
the grating. 



37. The method of claim 35 wherein the grating is Tcomposed of an electro-optic 
polymer having a variable index of refraction such that application of a voltage to 
the cladding changes the wavelength of light reflected by the grating. 



38. The method of claim 35 wherein the grating is coated With a piezo-electric 
coating such that application of a voltage to the coating thereby varies the 
wavelength of light reflected by the grating. 
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